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The combination of centrifugal elutriation as an efficient and reproducible method to separate 
thymocytes by size, micromethods to assess purine interconversion enzymes , and assessment of 
purine (deoxy)nucleoside inhibition of mitogen responses enabled us to study purine 
metabolism at the intrathymic level. Out of six fractions, four (nos. 3—6), containing medium- 
and large-sized lymphocytes, showed a proliferative response after stimulation with 
phytohaemagglutinin (PHA). In fractions 1-6 the number of cells with an immature 
immunological phenotype gradually decreased, and cells with the phenotype of mature cells 
gradually increased. The enzyme activity ratio of adenosine deaminase to purine nucleoside 
phosphorylase gradually decreased from 21 in fraction 1 to 7 in the last fraction (blood T-cell 
value, 0.7). We conclude that this enzyme activity ratio is a useful marker for intrathymic T-cell 
maturation stages. In PHA-responsive cell fractions (3-6), the sensitivity to inhibition of the 
PHA response by (deoxy)adenosine and deoxyguanosine was inversely related to the enzyme 
activity ratio of ecto-5'-nucleotidase to deoxycytidine kinase. These findings are compatible 
with the hypothesis that intracellular concentrations of phosphorylated (deoxy)nucleosides are 
related to this inhibition. We conclude that the differences in purine metabolism among the 
various (mitogen-responsive) human thymocyte fractions are related to lymphoid cell function. 
Since the number of cells contributing to the enzyme activities and the number of cells 
contributing to the proliferative response (about 15% of unseparated cells) differ considerably, 
it is not possible to evaluate enzyme activities in unseparated thymocytes in terms of 
relationships between purine metabolism and lymphocyte function,
H. J . Schuurman, Ph.D., Division o f Immunopathology, Department o f  Internal Medicine, 
University Hospital, 101 Catharijnesingel3511 GV Utrecht, The Netherlands
The lymphocyte compartment of the human 
thymus displays considerable diversity in the 
maturation stage of the cells [6, 31]. There is a 
relation between functional capacity, immuno­
logical phenotype, and tissue localization of the 
lymphocytes. In cell suspension this has been 
documented for thymocyte subpopulations 
obtained by agglutination with peanut agglutinin 
(PNA) and centrifugal elutriation (separation 
on the basis of cell size) [14, 26, 27].
A normal purine metabolism [4, 9, 17, 22] is 
necessary for proper functioning of lymphoid
cells. This has been documented by the causal 
relationships between immunodeficiency dis­
eases and inherited deficiencies of enzymes 
involved in purine metabolism [9, 22]. T 
lymphocytes in various maturation stages show 
considerable differences in purine enzyme 
make-up [17]. Cohen et at, [12] have investigated 
the relation between this variation and lymphoid 
cell function. They have shown that thymocytes 
are more sensitive to inhibition of the phyto­
haemagglutinin (PHA) response by deoxy­
guanosine than mature T  cells from blood or
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tonsil. This difference in sensitivity could be 
explained by a more effective trapping of toxic 
deoxyguanosine triphosphate in thymocytes 
owing to a higher nucleoside phosphorylating 
capacity (deoxycytidine kinase (dCK) activity) 
and to a lower dephosphorylating capacity 
(ecto-5'-NT activity) [7, 1 2 , 20, 25].
Thus far, the association between purine 
enzyme make-up and intrathymic T-cell matura­
tion has received little attention. In man [20] and 
in the rat [4,5] cortical thymocytes have a higher 
activity of adenosine deaminase (ADA) and a 
lower purine nucleoside phosphorylase (PNP) 
activity than relatively more mature cells in the 
medulla. On the basis of the variation in purine 
enzyme make-up in thymocyte subpopulations, 
Ma et aL [20] have suggested that the above- 
mentioned variation in sensitivity to inhibition 
of proliferative responses by (deoxy)nucleosides 
also applies at the intrathymic level.
The centrifugal elutriation method enables an 
efficient and reproducible separation, without 
affecting the functional capacity of the cell [14, 
27]. We have previously described a radioche­
mical micromethod to assess purine enzyme 
activities with 1000 to 6000 cells per assay [18]. 
The combination of these two techniques 
enabled us to study purine metablism at the 
intrathymic level. In this study we looked for the 
relation between enzyme make-up and (de- 
oxy)nucleoside inhibition of the proliferative 
response after PHA stimulation.
M ATERIA LS AND M ETHODS
Thymocytes, thymocyte fractions and peripheral 
blood T  cells. Human thymuses were obtained from 
patients undergoing cardiac surgery (age range, 2[/i 
months—4 years). Pieces of tissue were fixed in an 
absolute alcohol to formol to acetic acid ratio 
(75:20:5) and embedded in paraffin for histological 
examination. All thymuses included in this study 
showed a normal architecture. Thymocytes were 
harvested in suspension after the remaining tissue had 
been minced thoroughly and washed twice with Hepes 
(25 mM)-buffered RPMI-1640 (H-RPMI, Gibco, 
Grand Island, N.Y.). Centrifugal elutriation of the 
thymocytes into six fractions was performed as 
described [14, 27] with a Beckman J21C centrifuge 
equipped with a JE-6 elutriator rotor, modified to 
enable elutriation at a constant flow rate by variation 
of the rotor speed. Heparinized blood samples were 
obtained from the thymus donors and from apparently 
healthy control donors. Mononuclear cells were 
isolated by standard Ficolt-Hypaque (d=  1.077 g/ml) 
density gradient centrifugation. T  lymphocytes were
purified by rosetting with 2-aminoethyl-isothiouron- 
ium bromide hydrobromide (AET)-treated 
sheep erythrocytes (SRBC) followed by 
Ficoll—Hypaque density gradient centrifugation and 
isotonic lysis of the erythrocytes in the pellet fraction 
with an ammonium chloride buffer. The suspension 
obtained consisted of more than 95% cells rosetting 
with SRBC. Contamination by remaining SRBC was 
less than 0.5%. The viability of unseparated thymo­
cytes, thymocyte fractions 1 -6 ,  and blood T cells 
exceeded 95% in all experiments (trypan blue dye 
exclusion test).
The immunological phenotype of cells in the various 
fractions was assessed by indirect immunofluores­
cence with mouse monoclonal antibodies [26] and with 
fluorescein isothiocyanate-labelled PNA [27].
Purine interconversion enzyme activities. ADA (EC 
3,5.4.4) and PNP (EC 2.4.2.1) activities were assessed 
by the micromethod described by us previously [18]. 
For the determination of dCK (EC 2.7.1.74) [33] and 
adenylate kinase (AdKin; EC 2.7.4.3) [19] methods 
described elsewhere were applied after adapting the 
assays to our microconditions. dCK activity was 
determined to measure the (deoxy)nucleoside phos­
phorylating capacity, because in human lymphocytes 
this enzyme predominantly phosphorylates (de- 
oxy)adenosine and deoxyguanosine [8]. Ecto-5'-NT 
(EC 3.1.3.5) activity was assayed essentially by the 
method of Edwards et al. [13]. The results of purine 
enzyme assays were expressed in nmol/106 cells*h.
Lymphocyte stimulation with PHA. Cultures 
(150 ¿il, 10s cells/culture) were set up in round- 
bottomed microtitre plates in RPMI-1640 with 20 mM 
bicarbonate supplemented with penicillin (100 U/ml), 
streptomycin (100 ¿¿g/ml), L-glutamine ( 2 n i M ) ,  and 
20% (v/v) heat-inactivated human AB serum for 90 h 
at 37DC in a humidified atmosphere with 5% C 0 2. In 
PHA stimulation cells were incubated with 16 fig 
PHA (HA 15, Wellcome, Beckenham, England). 
One microcurie (methyl-3H)-thymidine (5 Ci/mmol; 
Radiochemical Centre, Amersham, England) was 
added 16—18 h before harvest. The cells were 
harvested on glass-fibre filters with a semi-automatic 
harvester (Skatron, Lierbyen, Norway), and radioac­
tivity was counted in toluene scintillator (Packard, 
Downers Grove, III.) containing 0.1 g/1 l.,4-bis-(5- 
phenyloxazole-2yl) benzene (POPOP) and 5 g/1 2,5- 
diphenyloxazole (PPO). All cultures were carried out 
in quadruplicate. To enable the comparison of 
thymocytes and blood T cells, the number of cells 
cultured was chosen to be between the optimal 
number of cells to measure PHA responsiveness in 
thymocytes (5 x l0 5 cells/culture [24, 26]) and in blood 
T cells (0.4X105 cells/culture). However, thymocyte 
responses were generally too low to enable reliable 
measurements in inhibition experiments. To promote 
thymocyte proliferation, the culture medium was 
supplemented with human thymic epithelial con­
ditioned medium (HTECM) [24, 27] together with 
conditioned medium from PHA-stimulated blood 
mononuclear cells as source of interleukins [34]. The 
latter medium was obtained from two unrelated 
donors at a concentration of 106 cells/ml each with
10 (ig PHA in the culture medium described above. 
After 2 days the cells were washed extensively and
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then cultured for another 2 days; subsequently the 
supernatant was harvested. The conditioned media 
were added together to the lymphocyte stimulation 
tests, each in a final dilution of 1 :30.
Effect o f (deoxy) nucleosides on PH A stimulation. 
2'-Deoxyguanosine, 2'-deoxyadenosine, and adeno­
sine (Sigma Chemical Co., St Louis, Mo.) were added 
in various concentrations to PHA-stimuIated cultures. 
Each dose-response experiment consisted of eight 
measurements with (deoxy)nucleoside (deoxyguano- 
sine, range 1—3000 ¿um; (deoxy)adenosine, range 
0.1-300 im ) and one measurement in the absence of 
(deoxy)nucleoside. The experiments with (deoxy)ade- 
nosine were performed in the presence of the ADA 
inhibitor 2'-deoxycoformycin (Pentostatin®, Warner 
Lambert-Parke Davis, Detroit, Mich., USA; 5 fiu 
final concentration). The 2'-deoxycoformycin solution 
was added to the cultures 20-30 min before the 
addition of (deoxy)adenosine. The (deoxy)nucleoside 
concentration at which the PHA response was 50% of 
the response without inhibitor was determined graphi­
cally from inhibition curves. This concentration is 
denoted the 50% inhibitory dose (ID50).
Statistical analysis. The Mann-Whitney U test was 
used, and the Spearman rank correlation coefficient 
(rs) was calculated in the correlation studies.
RESULTS
Purine interconversion enzyme activities in un­
separated thymocytes, thymocyte subfractions, 
and peripheral blood T cells (Table I, Fig. 1 )
By centrifugal elutriation (separation by cell 
size) six fractions were obtained. In fractions 1 
and 2 , containing mainly small thymocytes 
(90—95%), about 80% of the thymocytes were 
recovered. Fractions3-6contained 6%,5%, 2% 
and 2% of unseparated thymocytes, respective­
ly. The contribution of small thymocytes in these 
fractions decreased from 55% in fraction 3 to 
25% in fraction 6 . About 50% of the cells in
fractions 3—6 consisted of medium-sized lym­
phocytes. The percentage of large lymphoblas- 
toid cells increased from 1 % in fraction 3 to 21% 
in fraction 6 . The macrophage contribution was 
less than 1% in fractions 1-4, 2% in fraction 5 
and 5% in fraction 6. Cells with the phenotype of 
cortical thymocytes decreased gradually in 
fractions 1 —6; for example, the percentages 
OKT6-positive and PNA-binding cells were 
80±19% and 64±3% in fraction 1, and 30±8% 
and 25 ±4%, respectively, in fraction 6 
(mean±SEM, no. =5). In unseparated thymo­
cytes 74 ± 5%  OKT6-positive cells and 55±4% 
PNA-binding cells were found: on blood T cells 
these markers were hardly detectable (<0.5%). 
The percentage of cells with the phenotype of 
mature T cells gradually increased; HLA-ABC- 
bearing cells increased from 10 ±  2% in fraction 
1 to 32 ± 6% in fraction 6 (13 ± 3%  of unsepa­
rated thymocytes and almost 100% of blood T 
cells expressed this marker).
The ADA and dCK activities of unseparated 
thymocytes were significantly higher than those 
of blood T cells (P<0.01); the PNP, AdKin, and 
ecto-5'-NT activities were significantly lower 
(PcO.Ol) (Table I), In the thymocyte subfrac­
tions the lowest enzyme activities were observed 
in fraction 1. ADA, PNP, dCK and AdKin 
activities showed a gradual rise in fractions 1 —6 . 
The ecto-5'-NT activity was maximal in fraction 
3, with a gradual decrease in the following 
fractions. None of the fractions showed the 
enzymatic make-up of blood T cells: only PNP 
and Adkin activities reached blood T cell values 
in fractions 5 and 6. Since the gradual rise in 
enzyme activities from fraction 1 to 6 (that is, 
with increasing cell size [14]) may be the
T a b l e  I. Activities of some purine interconversion enzymes in unseparated thymocytes, thymocyte subfractions, 
and blood T cells of the thymus donor*
Adenosine
deaminase
Purine nucleoside 
phosphorylase
Ecto-5'-
nucleotidase,
xlO3
Deoxycytidine
kinase,
X103
Adenylate
kinase
Unseparated
thymocytes 760+50 50±4 630±100 98+14 120+20
Fraction 1 730±90 38±6 350±70 8 2 ± il 85±17
Fraction 2 770+70 49±8 920± 170 96+10 120+10
Fraction 3 970±100 83 ±  11 1980±350 180 ±20 170± 10
Fraction 4 1030±50 94+10 1290 ±300 240±30 190+20
Fraction 5 1330+50 140 ±20 910±290 390+30 270 ±10
Fraction 6 1150±80 180 ± 30 600 ±230 340±40 340 ±50
Blood T cells 130+20 200±20 8570±980 53+9 260 ±80
* Values in nmol/106 cells-h, mean ± SEM of seven experiments.
542 H. J. Schuurman et aL
U ratio 
ADA/PNP <j>
16-
8-
0 -
<i>
*
ü 1 btood 
T cells
2A0-
ratio e c t o - 5' NT/dCK
IGO-
I S ^
8 -
0-
u 1 6 blood 
T cells
F ig. 1, Activity ratios of some purine interconversion enzymes in unseparated thymocytes (U), 
thymocyte fractions 1 — 6, and blood T  cells of the thymus donor. ADA = adenosine deaminase; 
PNP =  purine nucleoside phosphorylase; ecto<:5'-NT =  ecto-5'-nudeotidase; dCK = deoxycytidine 
kinase. Data are presented as the mean ratios ± S E M  of seven experiments.
reflection of increasing protein content, we 
expressed the results also as enzyme activity 
ratios (Fig. 1). The ADA/PNP enzyme activity 
ratio was calculated, since literature data 
indicate that this ratio is a marker of T-cell 
maturation [4, 22]. In unseparated thymocytes 
this ratio (16 ± 2) was significantly higher than in 
blood T cells (0 .7±0 .1 , PcO.OOl). In the 
thymocyte subfractions the ADA/PNP activity 
ratio decreased from 21  in fraction 1 to seven in 
fraction 6 . Compared with unseparated thymo­
cytes the ratio was significantly different in 
fractions 4 (P<0.05) and 5 and 6 (P<0.01).
Furthermore, we calculated the ecto-5'-NT/ 
dCK enzyme activity ratio, since this ratio is 
related to the net capacity of the cell to convert 
(deoxy)nucleosides to toxic (deoxy)ribonu- 
cleotides (Fig. 1). This ratio was significantly 
lower in unseparated thymocytes (6.5 ±0.5) 
than in blood T cells (190±40, PcO.OOl). In 
thymocyte subfractions the ratio gradually 
increased from 4.4 in fraction 1 to 12 in fraction 3 
and decreased in the subsequent fractions to 1.9 
in fraction 6. This pattern paralleled that found 
for the ecto-5'-NT activity alone. The enzyme 
activity ratio of fraction 3 was significantly
Table II. Effect of conditioned media on the proliferative response of unstimulated and 
phytohaemagglutinin-stimulated cultures of unseparated thymocytes, thymocyte sub­
fractions, and blood T cells*
Unstimulated cultures Phytohaemagglutinin stimulation
Without
conditioned
media,
cpm
With
conditioned
media,
cpm
With
conditioned
media,
cpm
Potentiating 
effect of 
conditioned
médiat
Unseparated
thymocytes 360±80 1340±550 12,100±3500 4.6±0.9
Fraction 1 560+100 610+50 780±270 0.8+0.2
Fraction 2 400±120 650±30 880±250 1.4±0.3
Fraction 3 690±130 800±380 17,200±7300 3.2±1.3
Fraction 4 960 ±350 1030+720 14,200±6200 2.9±1.8
Fraction 5 1830±230 2150±600 22,900±5500 4.6±0.5
Fraction 6 1310+170 4560±2250 29,700 ±6600 17.5±2.8
Blood T cells 1010±250 3610±1250 42,100±3900 0,9±0.3
* Conditioned media from cultured human thymic epithelial cells and from PHA- 
stimulated blood mononuclear cells were added, each in a final dilution of 1:30, to 
cultures of 105 cells in the presence or absence of 16 ¿ig PHA, Data are presented as mean 
values (counts per minute, cp m )± S E M  of five experiments.
t  The potentiating effect is calculated as the mean cpm in quadruplicate PHA- 
stimulated cultures in the presence of conditioned media, divided by the mean cpm in 
quadruplicate PHA~stimulated Cultures without conditioned media.
Purine Metabolism in Thymocyte Subsets 543
different from that of fraction 4 (PC0.05) and of 
fractions 1 , 5 and 6 (PcO.Ol). Compared with 
unseparated thymocytes, the ecto-5'-NT/dCK 
enzyme activity ratio was significantly different 
in fractions 1 (PC0.02), 3 (PC0.05), and 5 and 6 
(PcO.Ol).
Lymphocyte stimulation with PH A  (Table II)
The mean 3H-thymidine incorporation of 
unstimulated cells varied between 360 and 1830 
counts per minute (cpm) in the various fractions. 
Addition of the conditioned media had a 
negligible effect on the response of unseparated 
thymocytes and subfractions 1—5, but a 3.5-fold 
enhancement of the response of fraction 6 and of 
blood T cells was observed. Thymocyte fractions 
1 and 2 showed almost no response after PHA 
stimulation, and the potentiating effect of 
conditioned media on this response was mini­
mal. A significant enhancing effect was observed 
in fractions 3—6. There was no potentiating 
effect of conditioned media on the PHA 
response of blood T cells: this observation is in 
agreement with our previous data on the 
biological effects of HTECM [24] and with the 
data on the independence of mature T cells from
exogenous growth factors in mitogen stimula­
tion [34]. Since the PHA response of fractions 1 
and 2 was negligible, these fractions could not be 
tested for (deoxy)nucleoside inhibition of the 
response.
Effect o f (deoxy)nucleosides (Table III, Fig. 2)
Since the ADA activity of thymocytes was 
higher than that of blood T cells (Table I), it is 
conceivable that a higher concentration of 
deoxycoformycin is needed to obtain complete 
inhibition of ADA activity in thymocytes. We 
therefore studied the inhibition of the PHA 
response by (deoxy)adenosine with various 
concentrations of deoxycoformycin. The ADA 
activity in 0.4 X 105 unseparated thymocytes and 
105 blood T cells was completely inhibited at 
deoxycoformycin concentrations of 1 jjm or 
more, but deoxycoformycin concentrations of 
4(UM or more were needed for complete A D A  
inhibition in 105 unseparated thymocytes (data 
not shown). On the basis of these results we used 
a concentration of 5 /¿m deoxycoformycin in the 
studies with (deoxy)adenosine. The presence of 
deoxycoformycin in this concentration had a
3 0 t c p m
U 1 0 “3 )
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5
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A 20 aU AB scrum 
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V I 7» A 8  serum
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O blood Tcells JxlO5 
O blood T cells AxA-Q*1
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Fig. 2. Effect of concentration of AB serum in the culture medium on inhibitionof the PHA response 
by deoxyadenosine. Left: inhibition curves (counts per minute versus concentration of 
deoxyadenosine) of the PHA response of unseparated thymocytes at various concentrations of AB 
serum; the 50% inhibitory doses of deoxyadenosine (ID5o) are marked (*). Right: dependence of 
ID50 (expressed in ¡lim deoxyadenosine) in unseparated thymocytes and blood T cells on the AB 
serum concentration.
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Table III. Effects of deoxycoformycin, (deoxy)adenosine, and deoxyguanosine on the phyto- 
haemagglutin response of unseparated thymocytes, thymocyte subfractions, and blood T  celts*
Deoxycoformycin
Deoxycoformycin 
Deoxyadenosine Adenosine Deoxyguanosine
Unseparated
thymocytes 1.0±0.1 1.3+0.2 3.0±0.5 2.2±0,3
Fraction 1 1.2+0.1 1.8±0,3 3.2±0.7 2.0±0.4
Fraction 2 1.7±1.2 1.5 ±0.2 1.4±0.2 2.4±0.3
Fraction 3 0.9±0.1 1.3±0.2 2.5±1.0 1.8±0.4
Fraction 4 0.9±0.1 1.1±0,1 1.2±0.1 1.4±0.2
Fraction 5 1.0±0.1 1.0±0.1 1.0±0.1 1.1 ±0,1
Fraction 6 1.1 ±0.1 1.1 ±0.1 1.0+0.1 1.2±0.2
Blood T  cells 1.0+0.1 1.3 ±0.3 1.0+0.1 l.'l ±0.1
* Data are presented as the mean cpm in quadruplicate PHA-stimulated cultures in the 
presence of the compounds divided by the mean cpm in quadruplicate PHA-stimulated cultures 
without compounds. Deoxycoformycin was used in a final concentration of 5 ¿¿m; effects of 
(deoxy)adenosine were noted in the range 0.4-4 jum and of deoxyguanosine in the range 
10-100 fm .  Mean values ± S E M  of five experiments are presented.
negligible effect on the PHA response of the 
various cell fractions (Table III).
In the presence of various concentrations of 
(deoxy)nucleosides we generally found en­
hanced PHA responses at low concentrations 
and inhibition at higher concentrations (illus­
trated for deoxyadenosine in Fig. 2), In enhanc­
ing the PHA response, the most pronounced 
effects were found in unseparated thymocytes 
and in fractions 1—3 (Table III): no enhancing 
effects were observed in fractions 4—6 and in 
blood T cells. Adenosine showed the highest 
effect.
The concentration of serum in the culture 
medium influenced the ID5<) values of (deoxy)- 
nucleosides (illustrated for (deoxy)adenosine in 
Fig. 2). This phenomenon could not be ex­
plained by the presence of (deoxy)nucleoside- 
catabolizing enzymes in the serum, since the 
activities of A D A  and PNP in the AB serum 
used were negligible. In addition, we incubated 
a 0,9 him stock solution of (deoxy) adenosine and 
a 9.0 mM stock solution of deoxyguanosine in 
culture medium containing 20% AB serum for 4 
days at 37°C. The concentrations of adenosine 
and deoxyguanosine remained unchanged and 
that of deoxyadenosine was 90% of the initial 
value (assessed by high-performance liquid 
chromatography [1 ]). On the basis of these 
results we used 20% AB serum in the culture. At 
this serum concentration the ID 50 was affected 
least, and the inhibition curves showed the 
steepest slopes around 50% inhibition of the
PHA response (illustrated in Fig. 2). This leads 
to a higher accuracy in the determination of the 
ID5(). Furthermore, the PHA response of
1 0 0 0 -  >jM
700
5 0 0 -  A
3 0 0 -
t
200
150 -
□
1 0 0 -
70
5 0 -
ô
3 0 -
20-
U
A deoxyguanosine 
O deoxyadenosine
□ adenosine
t □
Ô
3 4 5 6 blood 
T cells
Fig. 3. Inhibition of the PHA response of unseparated 
thymocytes (U), thymocyte fractions 3 - 6 ,  and blood 
T  cells by (deoxy)nucleosides. Data presented are the 
geometric mean values of 50% inhibitory doses (ID5(>, 
expressed in fiu (deoxy)nucleoside) ± S E M  of four 
experiments.
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thymocytes showed a large variability at serum 
concentrations of 10% or less (results not
shown). ------
For all three (deoxy)nucleosides tested the 
ID50 was dependent on the number of cells 
cultured (illustrated for deoxyadenosine in Fig. 
2). These findings prompted us to culture equal 
amounts of cells in all experiments to avoid this 
interference.
Effect of (deoxy)nucleotides; relation to purine 
enzyme make-up (Figs. 3-5)
Under the conditions defined in the above
experiments the ID50 of (deoxy)nucleosides in 
the PHA response of unseparated thymocytes, 
thymocyte subfractions 3—6, and blood T cells 
was determined (Fig. 3). In all fractions ID50 
values were highest for deoxyguanosine, in­
termediate for adenosine, and lowest for deoxy­
adenosine. The differences in ID 50 of (deoxy)- 
nucleosides between unseparated thymocytes 
and blood T cells were not significant. The 
thymocyte subfractions showed a gradual de­
crease in ID5o from fraction 3 to 6. The 
differences between fraction 3 and fractions 4-6 
were statistically significant (P varying between
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Fig. 4. Inhibition of the PHA response of unseparated thymocytes, thymocyte fractions 3—6, and 
blood T cells by deoxyguanosine and deoxyadenosine: correlation diagram of ID5„ (expressed in ¿tM 
deoxynucleoside) and ecto-5'-NT/dCK. enzyme activity ratio.
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F ig. 5. Inhibition of the PHA response of unseparated thymocytes, thymocyte fractions 3—6 and 
blood T  cells by deoxyguanosine: correlation diagram of ID,™ (expressed in ¿¿m deoxyguanosine) and 
PNP activity (expressed in nmol/106 cells-h).
<0.01 and <0.03). These differences apparently 
paralleled the difference in purine enzyme 
make-up (Table I, Fig. 1), especially that in the 
ecto-5'-NT/dCK enzyme activity ratio, Since the 
various cell fractions were simultaneously ass­
essed for purine enzyme make-up and for (de- 
oxy)nucleoside ID5i), this parallelism could be 
analysed directly (Fig. 4). For the thymocyte 
subfractions the correlation coefficients of ID50 
values and the ecto~5'-NT/dCK enzyme activity 
ratio were 0.86 for deoxyguanosine, 0.92 for 
deoxyadenosine, and 0,87 for adenosine (data 
not shown). These correlation coefficients were 
statistically significant (P<0.005).
Unseparated thymocytes have been omitted 
from these calculations, since this population 
contains large amounts of PHA-unresponsive 
cells (present in fractions 1 and 2 after separa­
tion): these cells contribute to the enzyme 
activity but not to the ID 50. A similar correlation 
between enzyme activity ratio and ID 50 seems to 
exist in unseparated thymocytes compared with 
thymocyte subfractions, The values of blood T 
cells were outside the range observed for 
unseparated thymocytes and thymocyte subfrac­
tions.
PNP activity was not inhibited under the 
present culture conditions, and conversion of 
deoxyguanosine to guanine is possible. Since 
guanine has been claimed to have a toxic 
capacity [21, 29], we correlated the ID50 of 
deoxyguanosine with the PNP activity of the
various fractions (Fig. 5). In the thymocyte 
subfractions high PNP activities were associated 
with low ID50 values (rs = —0 .86, P<0.005).
DISCUSSION
By means of centrifugal elutriation human 
thymocytes were separated into two large 
subsets of mitogen-unresponsive thymocytes 
(fractions 1 and 2) and four minor subsets 
containing mitogen-responsive cells. This differ­
ence in proliferative response between the 
subfractions was paralleled by differences in 
expression of immunological markers and, 
except for ecto-5'-NT activity, by differences in 
activities of enzymes involved in purine nu­
cleotide metabolism (Table I, Fig. 1). Both in 
man [20] and in the rat [5] it has been shown that 
cortical thymocytes have a higher A D A  activity 
than medullary cells; in addition, ADA-positive 
cells have been found exclusively in the thymus 
cortex by immunohistochemistry [10]. In con­
trast, we found lowest A D A  activities in 
fractions 1 and 2 (Table I), which contain small 
cells localized in the cortex. The explanation of 
this discrepancy may be that the rise in absolute 
enzyme activities is the reflection of the increase 
in protein content (cell size). The effect of 
protein content is eliminated when the enzyme 
activity ratios are considered. We conclude that 
the ADA/PNP enzyme activity ratio is a useful
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marker in human intrathymic T-cell maturation, 
which is in agreement with findings in the rat [5].
In the presence of low concentrations of 
(deoxy)nucleosides enhanced PHA responses 
were found (Table III). Agents that increase the 
intracellular cyclic AMP concentration induce 
maturation in immature thymocytes [16], One of 
these agents, the thymus-dependent human 
serum factor [2], has been identified as adeno­
sine [3]. Increased levels of cyclic GMP have 
been found in mouse thymocytes after incuba­
tion with thymosin fraction 5 [23]. The low 
concentrations of (deoxy)nucleosides used in 
our study may give rise to increased levels of 
intracellular cyclic AMP and cyclic GMP, Since 
the effects on the PHA response were most 
pronounced in unseparated thymocytes and in 
subfractions 1—3, we suggest that purine nuc­
leosides, expecially adenosine, are involved in 
induction of mitogen responsiveness in unre­
sponsive thymocytes.
In the study of the inhibition of the PHA 
response at relatively high concentrations of 
(deoxy)nucleosides, the ID5o values of adeno­
sine were higher than those of deoxyadenosine 
(Fig. 3). This observation is in agreement with 
literature data [15, 28, 32]. The variant toxicity 
of both compounds may be related to the 
different mechanisms involved in purine 
nucleoside-induced toxicity in lymphoid cells [4, 
9, 22].
In thymocyte subfractions 3-6 an increased 
sensitivity to (deoxy)nucleoside inhibition of the 
PHA response was found (Fig, 3). The accu­
mulation of toxic (deoxy)ribonucleotides in 
lymphoid cells induced by (deoxy)nucleosides 
has been reported [7,12,29,33]. The concentra­
tions of the (deoxy)nucleotides are positively 
affected by the phosphorylating capacity (dCK 
activity) and negatively affected by the dephos- 
phorylating capacity (ecto-5'-NT activity) of the 
cell. We found significant correlations between 
the sensitivity to inhibition of the PHA response 
by (deoxy)nucleosides and the ecto-5'-NT/dCK 
enzyme activity ratio (Fig. 4). These correlations 
suggest that the intracellular concentrations of 
phosphorylated (deoxy)nucleosides are related 
to the inhibition of the proliferative response.
The correlation between ID50 values and the 
ecto-5'-NT/dCK enzyme activity ratio in un­
separated thymocytes fits closely with the 
significant correlation found in the thymocyte 
subfractions (Fig. 4). This is merely the conse­
quence of the similar ecto-5'-NT/dCK activity 
ratio in fractions 1 and 2 (which do not 
contribute to the PHA response) when com­
pared with fractions 3—6. The correlation of 
nucleoside-induced inhibition of the PHA re­
sponse and purine enzyme make-up in unsepa­
rated thymocytes can lead to misleading conclu­
sions, because the mitogen response of only a 
small subset (fractions 3—6 in the present study) 
is compared with the enzyme make-up of all 
cells.
The ID5o values of (deoxy)nucleosides in 
unseparated thymocytes were in the same range 
as those in blood T cells—that is, about 500 ¡jm 
for deoxyguanosine. Cohen et al [12] have 
reported a deoxyguanosine ID50 of about 30 ¿¿m 
in unseparatecl thymocytes and about 150 jjm in 
blood mononuclear cells. These discrepancies 
can be explained in three ways:
First, differences existed in the methods of the 
experiments, In the study by Cohen et al. [12] 
0.5 X 10s cells were cultured in medium sup­
plemented with 1% fetal calf serum, whereas in 
our study 105 cells were cultured in medium 
supplemented with 20% human AB serum. 
Both the number of cells cultured and the 
percentage of serum present in the culture 
medium affect the ID5() values (Fig. 2).
Second, in contrast to Cohen et al. [12] 
cultures were supplemented with conditioned 
media from human thymic epithelial cells and 
from PHA-stimulated blood mononuclear cells. 
The second medium served as a source of 
interleukins (T-cell growth factors) [34]. It has 
been reported that rat thymocytes fail to 
produce interleukins after mitogen stimulation 
in the presence of deoxyadenosine when A D A  
activity is inhibited [30]; the low mitogen 
response under these conditions was partially 
restored by the addition of exogenous inter­
leukins. If this mechanism of inhibition of 
interleukin production by (deoxy)nucleosides 
holds for human thymocytes, it can explain the 
different ID50 values of deoxynucleosides in our 
study in the presence of interleukins. Similarly, 
the addition of HTECM may influence the ID 50 
determinations. A two- to threefold increase in 
ecto-5'-NT activity has been found in human 
thymocytes after incubation with this medium 
[11]. This change in enzyme activity has not been 
confirmed for the activities of ADA, PNP and 
ecto-5'-NT after incubation of thymocytes with 
thymic humoral factors [25]. If induction of
ecto-5 '-NT by H TECM  occurs under the condi­
tions of our experiments, the subsequent higher 
dephosphorylating capacity of the cell leads to 
lower intracellular (deoxy)nucleotide concen­
trations and hence to higher ID50 values of 
(deoxy)nucleosides.
Third, we found an inverse correlation 
between PNP activity and deoxyguanosine ID50 
values (Fig. 5). This may represent a causal 
relationship, since guanine, the product of 
PNP-mediated breakdown of deoxyguanosine, 
is toxic to the cell [21, 29]. This possible pathway 
in deoxyguanosine toxicity has not been consi­
dered by Cohen et al. [12]. We are not aware of 
effects of the culture conditions on the relative 
contribution of the various mechanisms of 
(deoxy)nucleoside-mediated toxicity.
We conclude that the culture conditions in 
lymphocyte stimulation affect the outcome of 
(deoxy)nucleoside intoxication studies and 
hence the interpretation of the results in terms of 
causal relationships between lymphoid cell 
function and purine enzyme make-up.
In this study we found that differences in 
purine enzyme make-up between thymocyte 
subfractions are related to lymphoid cell func­
tion. The variant (deoxy)nucleoside toxicity 
known in T lymphocytes in different stages of 
maturation [12] applies also at the intrathymic 
level.
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